The use of an awake craniotomy in the treatment of supratentorial lesions is a challenge for both patients and staff in the operation theater. OBJECT: To assess the safety and effectiveness of an awake craniotomy with brain mapping in comparison with a craniotomy performed under general anesthesia. METHODS: We prospectively compared 2 groups of patients who underwent surgery for supratentorial lesions: those in whom an awake craniotomy with intraoperative brain mapping was used (AC group, n = 214) and those in whom surgery was performed under general anesthesia (GA group, n = 361, including 72 patients with lesions in eloquent areas). The AC group included lesions in close proximity to the eloquent cortex that were surgically treated on an elective basis. RESULTS: Globally, the 2 groups were comparable in terms of sex, age, American Society of Anesthesiologists score, pathology, size of lesions, quality of resection, duration of surgery, and neurological outcome, and different in tumor location and preoperative neurological deficits (higher in the AC group). However, specific data analysis of patients with lesions in eloquent areas revealed a significantly better neurological outcome and quality of resection (P , .001) in the AC group than the subgroup of GA patients with lesions in eloquent areas. Surgery was uneventful in AC patients and they were discharged home sooner. CONCLUSION: AC with brain mapping is safe and allows maximal removal of lesions close to functional areas with low neurological complication rates. It provides an excellent alternative to craniotomy under GA.
A wake craniotomy (AC) is mainly reserved for epilepsy surgery and resection of tumors affecting the functional eloquent cortex in order to reduce the risks of deficits. It remains the standard for identifying functional areas during brain surgery. 1, 2 Further development of the procedure, combined with novel anesthetic agents, has recently made AC more tolerable during brain surgery [3] [4] [5] and other types of surgery. 6, 7 Hence, AC is considered as a viable alternative to general anesthesia (GA) for the resections of intracerebral lesions. 5, 8 Nevertheless, the usefulness or patients' perceptions of awake surgery with brain mapping is an ongoing debate, 4, 5, 8, 9 with its effectiveness being questioned. 10 Because of the paucity of comparative data, the present study was designed to assess the safety and effectiveness of AC with brain mapping vs craniotomy performed under GA for resection of supratentorial brain lesions.
MATERIALS AND METHODS
Between January 2002 and December 2007, we prospectively collected clinical, histological, and radiological data on 575 adult patients who underwent open brain surgery of supratentorial mass lesions. All patients and their families gave informed consent to study their functional areas by direct brain mapping. National consultative committee of Institut National de la Santé et de la Recherche Médicale gave its approval for patients' data storage and preservation of anonymity in this study. The patients were divided Franck-Emmanuel Roux, MD, PhD* ‡ into 2 groups: those with lesions in eloquent areas, in whom AC and intraoperative brain mapping were used (AC group, n = 214; 244 operations); and patients with lesions in various locations, in whom surgery was performed under general anesthesia without functional brain mapping (GA group, n = 361; 421 operations). The GA group included patients unable to cooperate for AC for various reasons (aphasia, mental disorders, requirement for prone position). In this group, a subset of 72 patients with lesions in eloquent areas (GA 72 ) was studied separately for a better comparison of postoperative neurological complications. Patients were not randomly assigned, but were treated electively by 6 different neurosurgeons using AC or GA in the same department. The allocation to the different groups was decided by a multidisciplinary team comprising the neurosurgeon, the neuroanesthesiologist, and the neuropsychologist based on the patient's preference when applicable. We defined ''eloquent zones'' as dominant temporal, supramarginal, and angular gyri; dominant and nondominant supplementary motor area, internal capsule, deep grey nuclei; primary sensory-motor cortices and posterior part of the frontal lobes (,2 cm from precentral sulcus).
Preoperative neurological evaluation was done to determine the extent of deficits. The patients and their attendants were educated to the expected course of the procedure and the potential complications. The degree of handedness of the AC patients was assessed by an independent neuropsychologist using the Edinburgh handedness inventory test.
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The patients in both groups underwent a preoperative magnetic resonance imaging (MRI) with a neuronavigation technique, which was interpreted independently by a neuroradiologist.
Anesthetic Protocol for Awake Craniotomy
One hour before admission in the operating room, a patch (EMLA, AstraZeneca, Paris, France) containing the eutectic mixture of prilocaine (2.5 mg/g) and lidocaine (2.5 mg/g) was applied in the supraorbital and auriculotemporal regions.
In the operating room, the patients were connected to the cardiorespiratory monitor for noninvasive monitoring of blood pressure, heart rate, pulse oximetry, and end-expiratory CO 2 . An 18-gauge catheter was placed for intravenous infusion of fluids and drugs. Oxygen (6 L/min) was provided via a face mask. The patient was then positioned in the lateral or supine position using a gel-filled mattress and warming blankets, with careful attention to padding pressure areas to ensure patient comfort.
Lidocaine 1% with epinephrine 1:100 000 was infiltrated to block the supraorbital, auriculotemporal, and occipital nerves. In addition, the Mayfield head holder (Ohio Medical, Cincinnati, Ohio) pin site and the surgical skin incision line were infiltrated. The patients were then draped, making sure that the anesthesiologist had an adequate corridor to the patient's face throughout the procedure. Prior to skin incision, all patients received intravenous medications including an antibiotic (cefazolin, 2 g), an anticonvulsant (levetiracetam, 500 mg), and a corticosteroid (methylprednisolone, 1 mg/kg). Sedation was provided by continuous infusion of propofol (1 to 3 mgÁkg 
Áh
21 was used for analgesia. The depth of procedural sedation was adjusted to maintain acceptable patient comfort and stable vital signs. Propofol infusion was stopped during the dural opening and restated after complete resection of the tumor until the end of the procedure.
Functional Brain Mapping
After installation of the video materials, a microphone was placed beside the patient. The boundaries of the lesion were verified with the surgical navigation system, which has been described elsewhere. 1, 12 Before tumor excision, the cortex was directly stimulated to identify the eloquent sites that must be avoided during corticotomy. We used the bipolar electrode of the multifunctional stimulator, 1-mm electrodes separated by 5 mm (Nimbus cortical stimulator, Newmedic, Toulouse, France). The current amplitude was initially set at 2 mA and progressively increased by 1 mA. We used a standard procedure of stimulation with biphasic square wave pulses of 1 ms at 60 Hz and a maximum train duration of 4 seconds. For brain mapping, patients were asked to perform at least 2 different tasks in the appropriate languages (bilinguals being tested in both languages): a naming task to detect standard anomia (ie, ''This is a. . .''), and a reading task involving various basic unrelated sentences (and not previously rehearsed by the patients). During naming procedures, the patients were shown a set of 30 pictures of various objects (ie, a car, a wheelbarrow, a plane, a chair, a bird, a ball, a lion, a tomato, grapes, a bomb, a bottle, a boat, a key, a strawberry, a screwdriver, a rose, a saw, a chicken, a computer, slippers, bread, hands, a book, a rubber, a clock, a fridge, a pencil, a flute, a camera, and a door). The patients were trained to name each object as it appeared. These pictures were shown randomly, and the stimulation was applied as soon as they appeared. For the reading tasks, we used a set of 30 different sentences. The patients were asked to read rather slowly and stimulation was applied randomly on the cortex while they were reading. Naming and reading tasks are elaborate tasks known to activate similar or different areas in the brain. 1 One of the differences between the reading and picture-naming paradigms is that reading involves syntactic processing and multiple word types (verbs, grammatical words) in addition to concrete nouns. To test reading in bilingual persons, we have a data set of sentences translated from French into the major world languages or specific languages spoken in our region.
To be accepted as language location, the language sites found were tested meticulously at least 3 separate times. During direct brain mapping, single anomia sites can occasionally be found 1 and the interpretation of this phenomenon remains complex. Although this can be a matter of debate, sites showing no reproducible language interference were not included in this study. In multilingual patients, languages were tested sequentially (one language-mapping session after another). Nevertheless, at the end of language mapping, the language-specific sites found were confirmed by alternate mapping in both languages to carefully validate such sites. During tumor resection, further subcortical stimulations were performed to identify eloquent white matter. A picture of the brain was systematically taken after each brain mapping along with a written record of the findings during stimulation. Intraoperative photographs of the brain indicated the sites of positive or negative response to cortical stimulation. Standard brain mapping in a monolingual with 2 tasks (naming and reading) lasted less than 20 minutes.
Before mapping, and thus in the absence of any functional data, the surgeon evaluated which approach he would choose to remove the tumor and where he would place the cortectomy. This initial approach could be modified by functional data obtained by stimulation, ie, presence or absence of language interference sites. Our policy was to spare language areas found by electrostimulation during the tumor removal by avoiding the resection of tissue located closer than 1 cm to an ''eloquent'' brain area. Gross-total removal was attempted in all cases. The rule was to spare eloquent areas unless in selected rare oncological cases.
Scientific (brain-mapping data) and clinical data from these successive brain mappings were prospectively collected by the same team using the same protocol over the years. This series focused on the possible usefulness of AC with brain mapping vs GA without brain mapping, and not on the results of brain mapping itself. Brain-mapping data from such large series of patients bring a very large amount of data. These data cannot be detailed here because of the limited space allowed for each article and will be discussed further in the future.
Postoperative Management
After the procedure, all patients were admitted to the postanesthesia care unit and intensive care unit (ICU). Postoperative MRI was performed within 48 hours to determine the quality of lesion removal. The extent of tumor resection was assessed by a neuroradiologist according to a classification reported by Berger et al. 13 Resection was considered as total if there was no residual signal abnormality, subtotal (ie, ,10 mL of residue), or partial indicating more than 10 mL of residual tumor. In both groups, all survivors had a follow-up MRI, clinical examination, and Karnofsky Performance scoring at 3 months and 1 year after surgery.
Statistical Analysis
Comparison between groups included the quality of tumor resection, duration of surgery, anesthetic and surgical complications, rate of postoperative neurological deficits, and hospital unit stay. Statistical analysis was performed by an independent statistician using the Sigma Stat Ò 3.5 software package (Systat Inc., Point Richmond, California). Qualitative variables were compared using the x 2 or Fisher exact test, and variance analysis or nonparametric tests were used for continuous variables. Cumulative survival rates were estimated by use of Kaplan-Meier methods and multiple comparison procedures (Holm-Sidak method). A P value of ,.05 was considered significant.
RESULTS
The median follow-up period was 34.7 months (range, 21-111 months). The 2 groups are comparable in their clinical and histological characteristics (Tables 1 and 2 ) but differ with regard to tumor location and preoperative neurological deficits. All AC patients had tumors in eloquent areas. The GA group had tumors in eloquent (72 cases, 20%) and noneloquent areas (80%). Thus, not surprisingly, patients in the GA group had fewer clinical deficits than AC patients. However, no statistical difference was found between the AC and GA 72 groups concerning preoperative neurological deficits and tumor location (P = .65).
The awake and GA groups underwent a first-time craniotomy in 86% and 88%, respectively. Presenting symptoms include seizure in both groups (52%), sensory, motor, speech, visual, and writing deficits, Gerstmann syndrome, or cognitive disorder. Lesions were larger than 5 cm in diameter in 28.5% of AC cases and in 34% of GA cases; they were smaller than 3 cm in 32% and 31.6% of AC and GA series, respectively.
Peroperative Events
In the AC group, monitored procedural sedation was performed without significant anesthetic complications and no conversion to GA. There were no instances of severe respiratory depressions or significant increased arterial pressure and tachycardia. Intraoperative seizures occurred in 14 procedures (5.7%). The seizures resolved by irrigation of the cortex with cold saline in all but one case. In the latter, propofol administration was effective. Cortical and/or subcortical mapping identified the eloquent cortex in 179 patients (84%). We directly performed resection in these patients or alternate routes were taken to avoid neurological deficits, while the 35 patients (16%) with absence of a functionally active cortex during mapping had gross-total resection.
In the GA group, significant peroperative hemorrhages forced us to abandon the tumor resection in 4 patients; only biopsies were performed.
The durations of operations were equivalent in both the AC and GA groups with P = .83 (Table 3) . Complete and subtotal resections were achieved in 82% of awake patients vs 40% of the GA 72 group (P , .001). However, no significant difference (P = .24) was found between the AC and GA group in terms of quality of resection (Table 3) . Postoperatively, 98% of the AC patients were admitted to the ICU with a mean ICU stay of 1 day (range, 1-2 days), whereas all the patients in the GA group were admitted to the ICU with a mean duration of 3.8 days (range, 1-29 days). Second-look surgery was performed in 30 patients of the AC group from 2 days to 5 years after first surgery. Of those 30 patients, tumor removal was qualified as complete on postoperative MRI in 19 of the patients. Finally, to evaluate the perception of the awake surgery procedure, a postoperative anesthetic interview was recorded in 186 patients, and 96.5% expressed satisfaction with their experience. Table 4 represents the morbidity of the study population. The median length of stay was 5.4 days in the AC group, 8.5 days in the GA group, and 12.7 days in the GA 72 patients.
Morbidity and Mortality
Within 90 days of the operation, the mortality in the AC and GA groups was 0% and 0.5%, respectively. At 3 months, there were 2 deaths in the GA 72 group. The neurological outcomes of the study population are presented in Table 5 .
The permanent neurological deficits were significantly lower (P , .001) in the AC group (4.6%), compared with the GA 72 group (16%). These deficits were more common in patients with preoperative mild neurological deficits. Conversely, patients who were without deficit before surgery had a lower neurological complication rate than patients with preoperative deficits. Thus, in the AC group, among 118 patients without preoperative neurological deficits, 4 patients (3%) had deficits postsurgically, compared with 55% (53/96) in patients with deficits presurgically (P , .001).
Patients in whom mapping successfully identified functional tissue had more transient neurological deficits (27%, 48/179) than patients with negative brain mapping (11.4%, 4/35), with P = .08.
New neurological deficits were seen in 3.3% of patients (7/214) in the AC series, compared with 58% (42/72) in the GA 72 cohort (P , .001).
In both groups, the rate of new neurological deficits was much higher in the redo surgery than in the primary operation. Three other factors were significant independent predictors of poor neurological outcome: preoperative Karnofsky Performance Score ,70, histological diagnosis of a glioma or metastasis, and age at surgery .70. Figures 1 to 4 show overall mortality between groups including patients with malignant lesions (metastasis, low-and high-grade gliomas). Survival at 80 months was better in the AC group than in the GA or GA 72 groups. 
DISCUSSION
This study shows that patients with supratentorial lesions in proximity to the eloquent cortex had better neurological outcome and maximal tumor removal with AC than surgery under GA. Studies comparing these 2 anesthetic options are rare in the literature. Ethical considerations, particularly the need for randomizations, are plausible reasons for such paucity. Comparative studies can also be biased by the variability of surgical procedures among teams and small sample sizes. Even though we studied a large series with similar surgical procedures, we initially decided not to randomly select patients for ethical and clinical reasons. Consequently, patients with tumors in the eloquent areas were preferentially allocated to the AC group, while uncooperative or other patients were placed in the GA group. Preoperatively, patients in the AC group had more neurological deficits. However, their functional outcome and the quality of tumor resection were similar to the entire GA group but significantly better than the subgroup of GA 72 patients. AC was well tolerated by our patients and was not considered as a psychologically traumatic experience. This is in line with other studies 14, 15 in which some authors 4 found that most patients were amnesic to the procedure. In general, considered as an improvement of the management of brain lesions, the topic can nevertheless be controversial. 10 In this large series, we observed no significant anesthetic complications with no conversion from awake to GA. Airway control is a serious concern in AC with particular apprehension of hypercapnia-induced brain swelling despite an incidence of less than 1%. 4, 5 We observed no such complication in our study. The intraoperative seizures (5.7%) that occurred in this study were rapidly and effectively treated with cold irrigation or propofol boluses.
Our study corroborates other studies regarding short hospital stay limiting nosocomial infection or thromboembolism. 16, 17 Like others, we confirm that AC was more economically advantageous from a cost and resource perspective. 5, 8 The advantages of AC without brain mapping over GA in patients with significant medical comorbidities had been reiterated by other authors. 8 
Quality of Resection
Previous reports have indicated the positive correlation between prognosis and the quality of tumor resection. 18 In some patients with low-grade gliomas (or in some patients with high-grade gliomas), brain plasticity allows a reorganization of the brain functions. This gives the opportunity to operate on these patients a few months or years after the first operation and complete tumor removal. This reorganization of functional structures is especially true for cortical ''nonprimary'' functional structures. Although possible, primary sensorimotor cortices are less plastic than secondary cortices. We did not observe such reorganization.
Functional Outcome
Previous reports have indicated a wide range (4% to 23%) of postoperative neurological deficit after awake surgery. 4, 5, 10, 19 Such difference among series could be explained in part by the length of follow-up. In their study on AC, Bernstein et al 8 observed new postoperative neurological deficits in 13% and permanent deficits in 4.5% of patients. Duffau et al 19 found that 6.5% of patients operated on under AC had permanent deficits vs 17% under GA. However, Gupta et al 10 observed more postoperative neurological complications with AC than with GA. They observed new neurological deficits in 19% of AC patients vs 11% of the GA group. In the present series, there were 4.6% permanent neurological deficits in the AC group and 16% in the GA 72 group. Nevertheless, we found that the absence of response to electrical brain stimulation in eloquent areas does not always guarantee the absence of postoperative dysfunction; 11.4% of awake patients (4/35) in this series sustained transient postoperative neurological deficits despite negative stimulation vs 13.6% in the study of Bernstein et al. 8 
CONCLUSION
Patients with supratentorial lesions in proximity to the eloquent cortex had better neurological outcome and maximal tumor removal with AC than surgery under GA. AC provides a feasible alternative to craniotomy under GA. 
